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Introduction
Methamphetamine is a representative drug abused worldwide [12] by more than 17 million [4] . Although almost all drugs of abuse induce serious health problems, methamphetamine abuse is of particular concern because it leads to cardiovascular problems that serves as a cause of death [22, 24] . Methamphetamine can be used for medical purpose in neuropsychiatric disorders, such as attention deficit hyperactivity disorder, narcolepsy, depression, obesity, and alcoholism [21] ; however illegal usage threatens health [2] .
Administration of methamphetamine induces the reinforcing effects that result in psychological and physiological problems, including drug-craving behavior, decreased J o u r n a l P r e -p r o o f appetite, increases of motor activity, respiration, heart rate, and body temperature, anxiety, confusion, insomnia, memory loss, and aggressive behaviors, and finally renders an individual addicted. In addition, structural changes in the brain appeared when exposed to chronic use [3] . This reinforcing effect is caused importantly by the enhancement of the dopamine (DA) neuron projecting from the ventral tegmental area (VTA) to the nucleus accumbens (NAc) in the mesolimbic system of brain. Therefore, many researches aimed at developing treatments for methamphetamine addiction have focused on reduction of DA neuron activity in the mesolimbic system, such as NAc. However, few safe and effective treatments are available for the methamphetamine addiction; therefore, efforts to develop a therapy using complementary and alternative medicine (CAM) have been proposed.
Meditation music, a kind of CAM therapy, works by combining meditation and music.
Although there is little evidence and the underlying mechanism requires more elucidation, music therapy is gaining interests in neuropsychiatry [5] . A previous study demonstrated that music therapy using a Korean music inhibited opioid-seeking behavior [11] . Therefore, the present study investigated whether music therapy with Korean music could reduce the reinstatement of methamphetamine self-administration behavior.
In addition, the effects of music therapy proved to be mediated via gamma aminobutyric acid (GABA) pathway, as shown that the effects disappeared when the GABA receptors were antagonized with intravenous pretreatment. For instance, less auditory ability to music was shown to be associated with GABA level in the auditory cortex [15] . Kumar et al. [14] demonstrated the relation between chronic sound and GABAA receptor. Thus, possible neuronal involvement focusing on the GABA system was additionally investigated. 
Surgery
Animals were anesthetized with intraperitoneal injection of sodium pentobarbital (50 ㎎/㎏). Chronic silastic catheter (Dow Corning, Midland, MI, USA; 0.02″ ID × 0.037″ OD) was implanted into the jugular vein and fixed with mersilene surgical mesh (Ethicon Inc., Somervile, NJ, USA). Catheter was made with 22-gauge guide cannula (Palstics One, Roanoke, VA, USA) and silastic tubing was exteriorized in the back of animal. Silastic tubing and guide cannula were embedded using dental cement, and Prolene surgical mesh secured them. During recovery period, 0.2 ㎖ of saline containing heparin (30 U/㎖) was flushed once daily into the catheter to maintain the patency.
Apparatus
Animals self-administered methamphetamine in operant chambers (Med Associates, St.
Albans, VT, USA) ventilated and sound-attenuated with double cubicles of inner plastic and outer wood box. House light mounted on a wall turned on at the start of the experiments and extinguished for 15 sec when animals pressed the active lever. Cue light above the active J o u r n a l P r e -p r o o f lever was illuminated for 5 sec when animals pressed the active lever. After the 5 sec, cue light was extinguished and rats were in the darkness of time out (TO). An active lever press delivered a signal to the computer installed with experiment program (Schedule manager, Med Associates) and drug was infused (0.1 ml per infusion) through the catheter.
Methamphetamine self-administration training
After recovery, animals were trained to spontaneously self-administer methamphetamine (Sigma Aldrich, St. Louis, MO, USA) dissolved in sterilized saline. 0.2 ml of saline containing heparin (30 U/ml) was flushed immediately before and after the daily session to maintain patency of the catheters. Methamphetamine (0.1 mg/kg per infusion) was delivered through intravenous catheter for 5 sec following active lever press. An active lever response during TO and an inactive lever response were recorded but produced no consequence.
Methamphetamine self-administration training was carried out under a fixed ratio 1 schedule during daily 2 h session for 3 weeks (5 sessions/week, dark cycle). Following training, the animals who had established stable daily intake (<20% variation of infusions for the last 3 consecutive days) were subjected to extinction.
Extinction and reinstatement
For extinction, methamphetamine was substituted with saline [6,7,23,25] over 1 week and the session time was the same as that during self-administration training.
Lever presses produced the same consequence as the training without reinforcement.
Following extinction, animals were re-exposed to methamphetamine (0.1 ㎎/㎏) with a single priming intravenous injection to induce reinstatement. During the reinstatement session, responses of lever presses and infusions were recorded, but produced no consequence. The second experiment investigated a possible neuronal mechanism related to the effect of music therapy. Animals that had shown stable consumption of methamphetamine and had undergone extinction were assigned into the following 6 groups: the control group and Kim group were treated as in experiment 1, respectively; the Bicuculline (BIC)+Kim group received intravenously the selective GABAA receptor antagonist, BIC (Tocris, Ellisville, MO, USA; 1 mg/kg), 30 min prior to the Kim treatment on the test session; the SCH 50911 (SCH)+Kim group received intravenously the selective GABAB receptor antagonist, SCH (Tocris, Ellisville, MO, USA; 2 mg/kg), 30 min prior to the Kim treatment on the test session; the BIC and SCH groups received intravenous injections of BIC of SCH alone, respectively, without music therapy. Each group n = 7.
Music therapy
Music was played twice a day for 30 min in the vivarium at 6:00 am and pm during extinction. According to the experimental design, the music was played at an average volume The meditation music of Kim was selected by a Qigong professional who has experience of more than 20 years and has treated patients with Qigong therapy in a hospital. Permission of usage of the music for the present study was obtained in written form. 
Results

Effects of music therapy on the reinstatement of intravenous methamphetamine self-administration behavior
In experiment 1, the infusion numbers of the last 1 week were checked to know whether J o u r n a l P r e -p r o o f the amount of intake among groups differed. Results showed that there was no significant difference among the infusion numbers. ( Fig. 2A) . When methamphetamine was substituted with saline for extinction, the infusion numbers and the active lever responses gradually decreased in the groups that self-administered methamphetamine, and the basal levels of infusion numbers (means of the last 3 consecutive days of extinction period) were similar among groups (Fig. 2B ).
On the reinstatement session, single priming with methamphetamine induced drugseeking behavior, as shown in the numbers of active lever presses and infusion of the control group ( Fig. 2C and D) . When the numbers were converted to percentage compared to the basal level, the increases showed the same pattern ( Fig. 2E and F) . However, Kim but not Beck inhibited these increases. These inhibitions were more obvious when converted to percentage compared to the basal level. The infusion number and active lever response were reduced by 54.81% and 48.15% of the control group, respectively, by Kim.
Neuronal involvement in the effects of music therapy
Likewise, infusion numbers during the last 1 week were checked to know whether the amount of intake differed among groups, and results showed no significant difference (Fig.   3A ). Showing similar pattern with the first experiment, the infusion numbers and the active lever responses during extinction gradually decreased and the basal levels of infusion numbers showed no difference among groups (Fig. 3B ).
J o u r n a l P r e -p r o o f
On the reinstatement session, numbers of active lever response and infusion were reduced by Kim. However, Kim's reduction was reversed in the BIC + KIM and SCH + Kim groups ( Fig. 3C and D) . These reverses appeared similarly when converted to percentage compared to the basal level ( Fig. 3E and F) . Alone groups of BIC and SCH showed no difference from the control group.
Discussion
The present study investigated whether music therapy can suppress craving behavior for methamphetamine induced by re-exposure to the drug during abstinence, using animal model of the reinstatement of spontaneous intravenous self-administration.
In the first experiment performed to investigate whether music therapy attenuates the reinstatement, animals spontaneously self-administered methamphetamine, and the active lever presses and infusions were gradually decreased in all groups during extinction except saline self-administration group, which did not show decreases during extinction ( Fig. 2A and   B ). Priming injection of methamphetamine on the test session resulted in drug-seeking behavior, as shown in the increases of active lever response and the infusion number ( Fig. 2C and D).
However, the meditation music by Young Dong Kim significantly inhibited these increases. This suppression by Kim is not likely produced by the noising effect because the control music by Jeff Beck did not suppress. When converted to a percentage compared to the basal level, these suppressive effects of Kim on methamphetamine seeking-behavior were more apparent ( Fig. 2E and F) .
J o u r n a l P r e -p r o o f
Among CAM, music is a healing therapy that had been together mankind worldwide [20] .
In Korea, the 'Ak-Hak-Gue-Beom (樂學軌範)', which was a music theory of the Jo-Seon dynasty, mentioned that "music is derived from the sky (God) and can control mind" [17] .
The emotional feelings and the physical responses to music have been thought to affect to each other, as explained in the Korean medicine theories of 'Hyeong-Shin-Hap-Il (形神合一)' and 'Shim-Shin-Yeo-Il (心身如一)' [9] . Studies have demonstrated the effectiveness of music therapy for neurological and psychological disorders [13, 19] and the internet addiction [16] . A recent study showed that music therapy with a Korean traditional music was effective in reducing opioid-seeking behavior [11] . Therefore, Korean traditional music was thought to be worthy of further investigation, and as expected, the Kim's meditation music was effective in inhibiting relapse to methamphetamine self-administration.
In the music therapy, vibrations of a sound wave resonate uniquely in the human body, resulting in changes. Correspondence, synchronicity, and synchronization are characteristics of the Qi and the basis of sound therapy [8] . These stimuli enhance self-efficacy in addicts, helping them overcome craving for drug. Music therapy is an effective treatment for mental disorders, including dementia and schizophrenia, in conjunction with other psychotherapies in alcoholism and internet addicts [10, 16] , based on physiological and psychological effects through catharsis and communication [18] . In parallel with these studies, our results suggest that music therapy can be a useful option to prevent the relapse to methamphetamine addiction during extinction.
The second experiment was performed to investigate a possible neuronal mechanism. In the mesolimbic system of brain, the DA neurons projecting from the VTA to the NAc play a key role in the reward effects of abused drugs. Accordingly, treatments for drug addiction J o u r n a l P r e -p r o o f have focused on regulating DA release in the NAc. Administration of methamphetamine not only blocks re-uptake of DA but also enhances the release of DA. Therefore, methamphetamine's reinforcing effect is relatively stronger than that of other abused drugs, which precipitates individuals into addiction.
Whereas, GABAergic interneurons in the VTA exert inhibitory control onto DA neuron.
Activation of GABA neurons enhances release of GABA and stimulates GABA receptors on the DA neuron, finally inhibiting DA release in the NAc. Our previous study showed that the effect of music therapy involved the GABAergic pathway [11] . Based on the study, we investigated a possible involvement of GABA system in the Kim's effects on methamphetamine-seeking behavior.
The animals of each group self-administered similar amounts of methamphetamine ( Fig.   3A ) and the drug was substituted with saline for extinction ( Fig. 3B ). And the Kim showed suppressive effect on the drug-seeking behavior induced by a priming injection. However, this inhibitory effect of Kim on methamphetamine-seeking behavior was reversed by the GABA receptor antagonists, although the blocking was exhibited in the active lever response, not in the infusion number. The active lever press reduced by 52.42% of the control group was reversed to 100.57% of the control by pretreatment with BIC and to 96.13% of the control by SCH ( Fig. 3C-F) . Results showed that GABA receptor antagonists blocked the effects of Kim, indicating that Kim's inhibitory effect on methamphetamine-seeking behavior was, at least in part, mediated through the GABA receptors.
In this study, both BIC and SCH alone groups were assigned to investigate whether GABAA or GABAB receptor antagonist affects the methamphetamine-seeking behavior.
Result showed that neither of the GABA receptor antagonists produced a significant difference from the control group.
According to a previous study [1] , music therapy regulated DA activity in the limbic system, showing that music therapy affects brain function. Therefore, we examined c-Fos expression in the NAc immunohistochemically to investigate whether changes in DA neuron activity in the NAc support the behavioral data. Results showed that the more reactive expression induced by methamphetamine priming was attenuated by Kim and that this attenuation of Kim was blocked by GABA receptor antagonists (data not shown). However, this examination just roughly compared enhancement or not of the c-Fos expression and was not performed quantitatively, which could be a limitation. Also, this study showed only behavioral data and it would have been more conclusive if changes in stress hormone levels were investigated.
Conclusion
In summary, the present study demonstrated that Kim's meditation music reduced the reinstatement of intravenous methamphetamine self-administration behavior induced by reexposure to the drug and that this effect was, at least in part, mediated via GABA receptors pathway.
These results suggest that Kim's meditation music may be a useful therapy for preventing relapse to methamphetamine during abstinence.
